In this work, the water vapor product from MODIS (MODerate-resolution Imaging Spectroradiometer) instrument, on-board Aqua and Terra satellites, is compared against GPS water vapor data from 21 stations in the Iberian Peninsula as reference. GPS water vapor data is obtained from ground-based receiver stations which measure the delay caused by water vapor in the GPS microwave 
Introduction 1
Water vapor is the most important atmospheric greenhouse gas, and its 2 phase changes involve exchanges of latent heat energy. Water is evaporated 3 at low latitudes, and its vapor is transported towards higher latitudes to con-4 densate, releasing high amounts of heat (Myhre et al., 2013) . Moreover, it is 5 well known that water vapor involves a positive feedback in climate change, 6 according to general circulation models (Colman, 2003) . Usually, water vapor 7 is quantified using the column integrated amount of atmospheric water vapor 8 (IWV), which is equivalent to condensing all the water vapor in the atmospheric 9 column and measuring the height that it would reach in a vessel of unit cross 10 section; IWV can be measured in columnar mass density (g/cm 2 or kg/m 2 ) or 2007).
23
There are several instruments for measuring IWV: micro-wave radiometers 24 (Turner et al., 2007) , star-photometers (Pérez-Ramírez et al., 2012) , moon-25 photometers (Barreto et al., 2013) , sun-photometers (Ichoku et al., 2002) , lidar 26 (Turner et al., 2002) , GPS system (Ortiz de Galisteo et al., 2011) , radiosounding 27 (Torres et al., 2010) . Additionally, numerous instruments on board satellite 28 platforms can also retrieve IWV data using different parts of the electromagnetic 29 spectrum: microwave by MLS (Livesey & Van Snyder, 2004) and SSM/I (Wentz 30 & Spencer, 1998)); visible by GOME-2 (Grossi et al., 2015) , OMI (Wang et al., 31 2014) and SCIAMACHY (Noël et al., 2004) ; near infra-red by MODIS (Gao 32 & Kaufman, 1992; Gao & Li, 2008) , and infra-red by MODIS (Seemann et al., 33 2006), AIRS (Barnet et al., 2007) , AMSR-E (Wentz & Meissner, 2007) and 34 SEVIRI (Schroedter-Homscheidt et al., 2008; Martinez, 2013) .
35
Radiosounding and GPS are among the most powerful techniques to study 36 IWV. However, temporal resolution of radiosounding is generally limited to 37 one or two measurements per day. In contrast, GPS provides a high tempo-38 ral resolution with numerous records throughout the day-time and night-time.
39
Hence, GPS measurements of water vapor have been validated, as in Wang et al. deviation of about 1.22 mm (see Wang et al., 2007) .
48
GPS measurements of water vapor, however, have two relevant drawbacks.
49
First, ground-based stations are necessary, so coverage is limited to land areas. (Li et al., 2003; Gao & Li, 2008; Prasad & Singh, 2009; Chang 61 et al., 2015; Ningombam et al., 2016) (Salomonson et al., 1989; King et al., 1992 
119
In this work, ZTD from 21 GPS ground-based stations were used to ob-120 tain IWV products (see Figure 1 and Table 1 ). Tropospheric products (ZTD)
121
were provided by Spanish Geographic Institute "Instituto Geográfico Nacional",
122
which is a local analysis center for the European Reference Frame (EUREF).
123
The meteorological variables (surface pressure and temperature) needed to re- 
132
These data have been used to perform other validation exercises on IWV 133 data from OMI (Vaquero-Martínez et al., 2017) , GOME-2 (Román et al., 2015) , 134 and MODIS (Bennouna et al., 2013) . 
Comparison criteria

137
In order to match GPS data and MODIS data, some criteria were applied.
138
First, the distance between the center of the satellite pixel and the ground-based 139 GPS station had to be the lowest. Second, time difference between both mea-140 surements had to be the lowest, and always lower than 30 minutes. Otherwise, 
Statistical analysis
145
Once data from MODIS and GPS are co-located according to the criteria 146 mentioned above, a data-set is built, with every row containing a MODIS IWV 147 datum, a GPS IWV datum, SZA, date, CF, and so on. The relative differences 148 between MODIS and GPS are calculated as:
where the index i represents a specific location and date, w is the IWV correction (Wilcoxon, 1945) .
154
The pseudomedian agrees with the median in a symmetric data-set, and it
155
is defined as the median of all the midpoints of pairs of observations. In Li et al. (2003) , regression between MODIS daytime (NIR) and GPS IWV in
189
Germany showed slopes greater than 1 and intercepts below 0 mm. As it will 190 be mentioned in Section 4.3, MODIS daytime algorithm seems to overestimate
191
IWV with respect to GPS products, which could be the cause for the difference 192 between the results in the present work and those in Li et al. (2003) . ever, in Ningombam et al. (2016) , the results of the regression of MODIS NIR between MODIS and GPS were very high, around R 2 = 0.91, which could be 198 due to the smaller range of measurement and the selection of good quality data.
199 Figure 2 shows the scatterplot between MODIS and GPS IWV data. 
IWV dependence
206
As mentioned above, in order to study IWV dependence, data were grouped 207 in bins of 5 mm, and pseudomedian and IQR were calculated for each bin. In 
237
Regarding IQR, Figure 4 
266
The IQR is generally lower in summer than in winter. This is probably due are quite stable, with a slight tendency to underestimation.
308
The previous dependences are the cause for a seasonal dependence. Sea- 
